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PHYTOPROTECTION 79 : 1-8 
The seasonal population fluctuations of the northern root-knot nematode 
Meloidogyne hapla on car rot (Daucus carota), onion {Allium cepa), and 
weeds were observed on organic soils in southwestern Québec. Lowest 
population densities of M. hapla juvéniles (J2) were recorded in July and 
August, followed by a peak in September and October in plots with carrot 
or weedy fallow. In onion, J2 densities remained nearorbelowthe détectable 
level during most of the sampling period, but a small trend in population 
increase was also detected in the fall. The vertical distribution of M. hapla 
was similar in carrot weedy fallow, and onion plots. J2 were regularly 
recovered from the four sampling depths (0-10,11-20, 21-30, and 31-40 cm). 
The numbers of J2 were greater in the 0-20 cm depth than the 21-40 cm 
depth, with 67, 68, and 60% of the total M. hapla population in the 0-20 
strata for carrot, weedy fallow, and onion, respectively. The tomato bioassay 
method was more sensitive than the Baermann pan method for detecting 
low M. hapla densities. Because of the poor corrélation between J2 densities 
in the soil and the number of galls on tomato roots in the bioassay, a 
measurement of J2 abundance such as the Baermann pan method shoud 
be supported by bioassay to further assist growers in their décision process 
for the management of M. hapla in organic soil. 
[Distribution saisonnière et verticale du Meloidogyne hapla en sol organique] 
Des fluctuations saisonnières des populations du nematode des nodosités 
Meloidogyne hapla sur la carotte (Daucus carota), l'oignon (Allium cepa) 
et les mauvaises herbes ont été observées dans des sols organiques du 
sud-ouest du Québec. Les plus faibles densités de larves (J2) ont été 
enregistrées en juillet et août, suivies d'un pic en septembre et octobre dans 
les parcelles de carotte et de mauvaises herbes. Dans l'oignon, les densités 
de J2 sont demeurées faibles ou sous leur seuil de détection au cours de 
la période d'échantillonnage mais une légère augmentation des populations 
a également été enregistrée à l'automne. La distribution verticale du M. 
hapla était similaire dans les parcelles de carotte, de mauvaises herbes et 
d'oignon. Des J2 ont été régulièrement retrouvées aux quatre profondeurs 
d'échantillonnage (0-10, 11-20, 21-30 et 31-40 cm). Les densités de J2 
étaient plus élevées dans la couche 0-20 cm que la couche 21-40 cm, avec 
67, 68 et 60 % de la population totale respectivement dans la carotte, les 
mauvaises herbes et l'oignon. La méthode du bioessai sur la tomate s'est 
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avérée plus sensible que l'assiette de Baermann pour déceler les faibles 
densités du M. hapla. À cause de la corrélat ion faible entre le nombre de 
J2 dans le sol et le nombre de nodules sur les racines de tomate, une mesure 
d'abondance des J 2 comme par exemple l'assiette de Baermann devra être 
suppor tée par la méthode du bioessai pour éclairer davantage les 
producteurs dans leur processus de décision dans leur lutte contre le M. 
hapla en sol organique. 
INTRODUCTION 
The northern root-knot nematode, Me-
loidogyne hapla Chitwood, is a major 
pest of car rot [Daucus carota L.) grown 
in organic soils of southwestern Que-
bec (Bélair 1989,1992; Bélair and Benoit 
1996; Vrain 1978). Symptoms of M. 
hapla infection include galling, large 
prolifération of secondary roots, and 
taproot malformation such as severe 
forking and stunting (Crête 1978; Vrain 
1982; Wojtowicz 1989). In infested car-
rot fields, band application of the fumi-
gant 1,3-dichloropropene is now the 
standard soil treatment used for nem-
atode control (Bélair and Fournier 1997). 
Although this treatment increases mar-
ketable carrot yields and reduces nem-
atode galling, it was shown that such a 
soil treatment has little or no effect on 
the final nematode densities in the soil. 
The latter often remain above the dam-
age threshold level (Bélair and Fournier 
1997). This results in poor corrélation 
between the root damage indices and 
the nematode population densities in 
the field. Growers are no longer able 
to rely on the root damage indices re-
corded on the previous crop, extensive-
ly used as a diagnostic tool for the past 
10 yr when using band injection of fu-
migant (Bélair and Boivin 1988; Boivin 
and Brodeur 1992). This new situation 
has promoted a renewed interest for 
soil analysis and nematode counts for 
diagnostic purposes. 
Integrated management of plant-par-
asitic nematodes requires that popula-
tion densities be monitored with suffi-
cient précision for prédictive purposes, 
but optimum timing of sampling is 
essential for obtaining meaningful esti-
mâtes (Barker et al. 1969, 1984). In the 
organic soils of southwestern Québec, 
information on seasonal and vertical 
distribution of M. hapla is now needed 
to détermine the appropriate time and 
depth of sampling. Most plant-parasit-
ic nematodes occur in the top 15-20 cm 
of soil and their vertical distribution is 
well correlated with the root distribu-
tion of the crop (Wallace 1963). How-
ever, physical characteristics of the soil 
may also influence nematode distribu-
t ion. Maximum densities at lower 
depths are reported for some species, 
and vertical distribution patterns may 
befurthercomplicated bytheoccurence 
of vertical migration during the season 
(Wallace 1963). Carrot, the major crop 
in this area, is highly susceptible to M. 
hapla, and so the monitoring of extreme-
ly low nematode densities is essential 
(Barker et al. 1984). The use of indicator 
plants has been shown to hâve much 
potential for estimating low population 
densities (Kinloch and Allen 1972; 
McSorley and Parrado 1983). 
The objectives of this study were to 
investigate the vertical and seasonal 
distribution of M. hapla in organic soil 
under carrot, onion (Allium cepa L) , 
and weedy fallow. In addition, the stan-
dard Baermann extraction method was 
compared with a tomato bioassay for 
the assessment of M. hapla population 
densities. 
MATERIALS AND METHODS 
Trial 1: Seasonal and vertical 
distribution of M. hapla in carrot, 
weedy fallow, and onion 
The trial was conducted at Sherrington 
(lat. 45°25' N, long. 73°41' W), Québec, 
in a 1.2-ha commercial carrot field on 
organic soil with a severe root-knot 
nematode problem. This peaty soil had 
approximately 88% organic content 
with pH 5.0-6.0. Plots (15 m x 1.1 m) 
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were arranged in a randomized com-
plete-block design with six replicates. 
From 1989 to 1991, the carrot cv. Six-
pack (C), onion cv. XPH (0), and weedy 
fallow (F) were included in three crop-
ping séquences of C-O-C, F-F-C, and C-
C-C. In the fieid, each plot was sur-
rounded by a 3-m band of barley {Hor-
deum vulgare L) cv. Birka which was 
mowed regularly during the growing 
season. For each crop, cultural practic-
es were conducted according to agri-
cultural recommendations for Québec 
(Conseil des productions végétales du 
Québec 1987). The seasonal and verti-
cal distribution of M. hapla on carrot, 
onion, and weedy fallow was monitored 
by sampling each plot three times dur-
ing the second year (9 August, 13 Sep-
tember, 16 October 1990) and three 
times during the third year (20 May, 18 
June, 15 July 1991) of each crop sé-
quence in order to cover one cycle of 
each crop. Soil samples were collected 
in the 0-10, 11-20, 21-30, and 31-40 cm 
soil layers using a 10-cm-diam bucket 
auger. In each plot, three cores were 
collected at random within rows in a 
stratified pattern. For each depth, the 
soil from the three cores was hand-
mixed with a trowel and stored iin a 
plastic bag until processing. Second-
stage juvéniles (J2) of M. hapla in each 
plot were assessed by processing a 100-
cm3 soil subsample using a modified 
Baermann pan method (Townshend 
1963). 
Nematode counts were transformed 
using log10(x + 1) before statistical anal-
ysis. Data were analyzed by analysis of 
variance using the gênerai linear model 
(GLM) procédures of SAS (SAS Insti-
tute Inc. 1988), and treatment means 
were separated by Waller-Duncan k-
ratio f-test. For analyses of population 
over time, data from ail four depths 
were pooled for each sampling date. 
Trial 2: Estimation of fall 
M. hapla population densitîes: 
Baermann pan vs. tomato 
bioassay 
Soil sampling was conducted in 1995 
and 1996 on an organic soil at the 
Agriculture and Agri-Food Canada Ex-
périmental Farm at Sainte-Clotilde (lat. 
45°25' N, long. 73°4V W), Québec, in a 
0.2-ha carrot field with a severe and 
uniform root-knot nematode infestation. 
This peat soil had 80-85% organic con-
tent with pH 5.0-5.5. Carrot (cv. SixPakll) 
and onion (cv. Blitz) plots (7.2 m x 11 m) 
were arranged in a randomized com-
plete-block design with six replicates. 
Soil samples were collected from the 0-
10, 11-20, 21-30, and 31-40 cm soil lay-
ers in each plot on 31 October 1995 and 
14 October 1996. Samples were col-
lected, mixed, and stored as described 
previously. Population densities of M. 
hapla J2 in each plot were assessed by 
the Baermann pan method described 
previously. In addition, a bioassay was 
performed on each sample to compare 
with the results from the pan method. 
For each soil sample, a one-month-old 
tomato {Lycopersicon esculentum Mill. 
cv. Rutgers) seedling was transplanted 
in a 15-cm-diam pot containing approx-
imately 800 ml_ of soil, and maintained 
in a greenhouse at 22 + 3°C. After 60-
70 d, each entire root System was 
washed free of soil under a stream of 
tap water, weighted, and chopped into 
5-cm segments. The number of galls 
per g of root was estimated by counting 
the total number of galls on half of the 
root System. Nematode and gall counts 
were subjected to médian x2 test (Dixon 
and Massey 1969). 
RESULTS AND DISCUSSION 
Seasonal variations in population den-
sities were exhibited by M. hapla. The 
seasonal distribution of J2 in the soil 
followed similar trends through the 
carrot and weedy fallow growing sea-
son, with a peak during late summer 
and early fall (Table 1). The highest 
average densities were recorded on 13 
September with 624 and 143 J2 per 100 
cm3 soil in carrot and weedy fallow, 
respectively. Numbers of J2 dropped 
from May to July and went below the 
détectable level in July in most plots 
(Table 1). Because M. hapla is an en-
doparasitic species, a large proportion 
of the population is not in the soil but 
inside the root Systems of host plants 
during the summer months. This peri-
3 
Table 1. Number of M. hapla J2 recorded under carrot, weedy fallow, and onion in an organic 
soil (1990-1991) 
Nematodes per 100 cm 3 soil 
1990 1991 f 
Crop 9 Aug . 13 Sept. 16 Oct. 20 May 18 June 15 Ju ly 
Carrot 3 d 624 a 479 a 211 ab 38 bc 22 c 
Weed 2 1 b 143 a 126 a 30 b 1 1 b 1 b 
Onion 1 a 1 a 6 a 7 a 2 a 1 a 
Values in a row followed by the same letter are not significantly différent (P< 0.05) according 
to Waller-Duncan /c-ratio f-test. 
f
 Ail 1991 samples collected from carrot following the 1990 crop shown. 
od was fo l lowed by a signi f icant and 
sharp rise in J 2 numbers (P< 0.05) in the 
months of September and October. In 
on ion , J 2 densit ies remained near or 
b e l o w t h e détectable level dur ing most 
of the sampl ing per iod , but a smal l 
( though not signif icant) rise in popula-
t ion was also detected in the fa l l . Thèse 
populat ion increases occur as newly 
hatched J 2 leave the egg masses depos-
ited at the root surface of the host. 
Under Québec c l imato log ica l cond i -
t ions, M. hapla require f rom 850 to 1000 
degree-days (5°C base) to produce the 
f irst générat ion of newly-hatched J 2 , 
wh ich usual ly occurs by the end of Ju ly 
(Bélair 1989). 
Populat ion dens i ty of M. hapla is 
s t rongly inf luenced by the host plant. 
In this agr icul tural area, carrot is a very 
good host (Bélair 1992). Onion is gen-
erally referred to as an intermediate host 
and does maintain M. hapla densit ies at 
levels capable of causing severe y ie ld 
losses in a susceptible crop such as 
carrot (Bélair 1992). Green smar tweed 
(Polygonum scabrum Moench.) , a ma-
jor weed species coloniz ing the weedy 
plots in this exper iment , was shown to 
be a good host of M. hapla, w i th a 
reproduct ion factor s imi lar to that on 
carrot (Bélair and Benoit 1996). Thèse 
results on the seasonal f luctuat ions of 
M. hapla populat ions agrée w i th previ-
ous data on seasonal d is t r ibut ion (Bar-
ker et al. 1969; Woj towicz 1989). 
The vertical d is t r ibut ion of M. hapla 
was simi lar in carrot and weedy fa l low 
plots (Fig. 1). A l though numbers were 
low in onion plots, d is t r ibut ion fo l lowed 
a s imi lar t rend (data not shown) . J 2 
were recovered f r o m the four sampl ing 
depths (0-40 cm). The numbers of J 2 
were greater (P < 0.05) in the 0-20 cm 
depth than the 21-30 cm depth , w i th 67, 
68, and 60% of the total M. hapla pop-
ulat ion located in the 0-20 cm strata in 
carrot , weedy fa l low, and on ion , re-
spectively. The consistency in the nem-
atode d is t r ibut ion in the soil prof i le, the 
synchronous rise in the number of J 2 , 
and the short life cycle of this endopar-
asitic nematode suggest that the vert i -
cal d is t r ibut ion of M. hapla in thèse 
organic soils was mainly related to the 
root d is t r ibut ion of the plant. In an 
organic soi l , carrot and on ion secon-
dary root Systems were main ly located 
in the 0-20 cm soil layer w i th 74 and 
90% of the total root vo lume, respec-
t i ve ly (G. Bélair, unpub l i shed data). 
Thus, thèse results agrée w i th the gên-
erai observat ion that root d is t r ibut ion 
is a main factor in the vert ical d is t r ibu-
t ion of plant-parasit ic nematodes (Wal-
lace 1963). 
The t w o methods for M. hapla as-
sessment consistent ly provided two dif-
férent M. hapla populat ion est imâtes 
(Fig. 2). From the Baermann pan ex-
t ract ion, J 2 populat ion densit ies aver-
aged 1740 (56-3240) and 48 (0-420) in 
1995, and 604 (56-2230) and 3 (0-49) in 
1996 in carrot and on ion , respectively. 
Populat ion densit ies of J 2 were always 
signi f icant ly greater (P<0 .05) in carrot 
that in on ion at ail depths, except the 
21-30 cm depth in 1996 (Fig. 2 A,C). In 
4 
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Figure 1. Mean numbers (± SE) of M. hapla J2 extracted from four soil depths in 
carrot (A) and weedy fallow (B) during Fall 1990 and Spring 1991. 
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Figure 2. Mean numbers (± SE) of M. hapla J 2 and galls (tomato bioassay) from four soil depths in carrot and onion during Fall 
1995 (A,B) and Fall 1996 (C,D). Between each crop, bars with an asterisk for the same depth are significantly différent (* = 0.05 
and 0.01) according to médian x2 test; ns indicates no significant différence. 
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the tomato bioassay, the numbers of 
M. hapla galls per g of root were nu-
merous, with an average of 38 and 40 
in 1995, and 53 and 34 in 1996 for carrot 
and onion, respectively. No significant 
différences in galling between thèse two 
crops were detected at any soil depth in 
both 1995 and 1996 (Fig. 2 B,D). It 
appears that the bioassay was more 
sensitive than the Baermann pan meth-
od for detecting low M. hapla popula-
tion densities. From the same data, it 
also appears that a poor corrélation 
exists between the number of M. hapla 
in the soil and the number of galls on 
tomato roots in the bioassay, a phe-
nomenon that has been previously re-
ported by Kinloch and Allen (1972). 
Thus, our data suggest that M. hapla 
gall counts from a bioassay should 
supplément other measures of abun-
dance such as the Baermann pan. 
Based on this study, it is suggested 
that soil sampling be performed prefer-
ably in September or October. It is also 
suggested that soil sampling should be 
done in the upper 20 cm of the soil 
profile for both carrot and onion in 
organic soil. Détection of M. hapla 
following onion could be significantly 
improved by performing a tomato bio-
assay along with a nematode soil ex-
traction method such as the Baermann 
pan method. In southwestern Québec, 
half of the vegetable production in or-
ganic soils is scouted by a private inte-
grated pest management (IPM) Compa-
ny (Boivin and Brodeur 1992). Carrot, 
the major crop, is also scouted for prés-
ence of the root-knot nematode by us-
ing a damage and galling index at 
harvest (Bélair and Boivin 1988). Onion 
is the second major crop and is routine-
ly introduced in the rotation program. 
Based on the présent findings, the to-
mato bioassay would be a valuable tool 
for improving the scouting for the prés-
ence of M. hapla in infested field soils. 
Use of a tomato bioassay is also sup-
ported by the finding of a significant 
négative corrélation (r= - 0.97, P< 0.01 ) 
between the marketable carrot yields of 
the current year and the bioassay gall 
counts from the previous year of onion, 
in a microplot test (G. Bélair, unpub-
lished data). Similar results were re-
ported for the damage function in car-
rot monoculture (Bélair and Boivin 
1988). A tomato bioassay performed 
with soil from the upper 20 cm of the 
soil profile collected during the previ-
ous year wil l be a valuable tool in 
the decision-making process for the 
grower. 
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